Clemons, J and Harrison, M. Validity and reliability of a new stair sprinting test of explosive power. J Strength Cond Res 22(5): 1578-1583, 2008-The purpose of this study was to examine the validity and reliability of a new stair sprinting power (SSP) test and, in addition, develop norms for college-age students. Two hundred twenty-seven college-age volunteers participated in the study (ages: males, X = 21.6 6 2.264 years; females, X = 22.3 6 4.214 years). The majority (n = 192) were tested with stopwatches, and 35 were tested using Speedtrap II. Participants began with their back to a wall 1.87 m from the first step of a 2.04-m high staircase of which they sprinted 2 steps per stride to the top. Scores were explosive power = (body mass (kg)Á98Á2.04)/time (s). Excellent test-retest reliability (intraclass R) was demonstrated: overall, F(1, 226) = 0.420, p = 0.518, R = 0.986; stopwatch: males, F(1, 118) = 0.045, p = 0.833, R = 0.970; and females, F(1, 72) = 0.000, p = 0.998, R = 0.977; and the Speedtrap II: males, F(1, 15) = 2.599, p = 0.128, R = 0.982; and females, F(1, 18) = 0.010, p = 0.921, R = 0.980. In addition, vertical jumping distance (VJD) was acquired on 25 of the Speedtrap II participants. Using Pearson product moment correlation, relationships were determined between SSP, vertical jumping distance (VJD), and vertical jumping power (VJP): VJP = (W) = 51.9 3 countermovement VJD (cm) + 48.9 Á body mass (kg) 2 2007. Overall, the correlation between SSP and VJD was strong, r = 0.692, p = 0.000; however, correlations by sex were neither significant nor meaningful. Significantly strong correlations were found between SSP and VJP: overall, r = 0.943, p = 0.000; males, r = 0.903, p = 0.000; and females, r = 0.835, p = 0.000. It was concluded that the new test was safe, quick, easy to administer, inexpensive, reliable, and valid both logically and concurrently when used with college-age males and females.
INTRODUCTION

S
ports that require all-out sprinting and jumping demand varying degrees of lower extremity explosive power, relying predominantly on the adenosine triphosphate-phosphocreatine system (ATP-PCr) for the immediate energy necessary to drive the effort (2,6,9-11). Margaria et al. (7) designed a stair sprinting test in 1966 to assess anaerobic power. It involved a 2-m sprint to the stairs and then 2 stair steps per stride to cover 0.7 m of vertical distance (i.e., distance from the eight to the 12th steps). The time to cover the distance was determined using an electronic clock sensitive to 0.01 second and driven by 2 photoelectric cells with light beams running parallel to the steps.
A follow-up study by Kalamen (4) in 1968 used 2-, 6-, and 10-m approaches while taking 2, 3, and even 4 stair steps at a time covering vertical distances of 0.697, 1.05, and 1.394 m, respectively. Kalamen (4) concluded that the 6-m 3 steps per stride protocol with a vertical distance of 1.05 m resulted in the greatest power outputs and also showed a much stronger relationship with the 50-yd dash, and therefore, was considered better than other known variations. This version is now commonly referred to as the Margaria-Kalamen test (2, 6, (9) (10) (11) 14) .
There are limitations to the Margaria-Kalamen test. It incorporates a 6-m approach that may not exist in the spacerestricted stairwells of most fitness or recreational facilities and, in addition, the recommended 3 stair steps per stride protocol (4) may be too challenging for the average collegeage student, particularly nonathletic females. Another concern is that the age-based norms, often provided for the MargariaKalamen test (2,6,9,10), seem to be based on data acquired by both Margaria et al. (7) and Kalamen (4) and therefore, questionable due to the different testing procedures employed. Margaria et al. (7) used photoelectric cells positioned at the fourth and sixth jumps (i.e., equivalent to the eight and 12th stair steps). When Kalamen (4) conducted the Margaria et al. protocol (7) as a part of his study, he placed switchmats on the fourth and eighth steps, thereby replicating the vertical distance, but differed by placing the initial switchmat on the fourth rather than the eighth step. If methodological differences were resolved so that a common set of norms might be published, the method by which this was accomplished has not been disclosed.
In addition, Margaria et al. (7) had a fairly large and diverse sample of 131 male and female volunteers; whereas Kalamen (4) used only 36 males. Despite the larger sample size of the Margaria et al. study (7) , the college-age, noncompetitive athletic subgroup was quite small. The precise number was not stated; however, it was estimated from published scatterplots (7) that fewer than 15 of the 131 participants were nonathletic females between the ages of 15 and 25 and only 12 were nonathletic males. A test more appropriate than the Margaria-Kalamen test for the average college-age participant is needed along with a larger sample size for performance reference.
Obtaining precise biochemical data during brief, all-out exercise is difficult, resulting in many researchers and practitioners having to rely on face (logical) validity (6) when testing ATP-PCr fitness. The ability to traverse a flight of stairs at a high rate of speed clearly reflects a capacity for explosiveness, despite the absence of knowing the ATP-PCr status, suggesting that these types of tests and the way in which they are scored meet the most fundamental requirement for face validity; that is, they appear intuitively and mathematically logical (1, 5, 8) as tests of lower extremity explosive power.
The purpose of this study was to examine the concurrent validity and test-retest reliability of a modified version of the Margaria et al. (7) test of anaerobic power. A secondary purpose was to generate norms for young adults in exercise physiology laboratories, exercise classes, and throughout the fitness industry.
METHODS
Experimental Approach to the Problem
The horizontal distance from the start of the test to the first step was similar to that of the original Margaria et al. (7) version; however, due to limitations of the testing facility, it was slightly reduced from 2 to 1.87 m. The vertical distance of the new test was increased to 2.04 m (timed from step 1 to step 11). Another difference was that participants took a single stair step initially followed by 2 steps each stride thereafter; whereas 2 steps were required initially with the Margaria et al. (7) test and 3 steps initially with the MargariaKalamen test (4). The reduced height that participants were required to overcome initially provided for a more graded beginning, enabling participants to generate greater speed before having to take 2 steps per stride thereafter.
Stair sprinting explosive power is typically expressed in watts and determined by multiplying body mass in kilograms times the force of gravity (9.81 mÁs
22
) times the vertical distance covered in the sprint and then divided by the time required for the participant to move through the defined zone. In this study, the timing zone was from the top of step 1 to the top of step 11 (1 step initially, followed by 5 strides covering 10 additional stair steps, 2 steps per stride). Explosive power (W) = [body mass (kg) Á9.81Á2.04]/time (s) The best power score of the last 2 trials was used for developing norms.
Subjects
Two hundred twenty-seven university students, ranging in age from 18 to 48 years for the females and 18 to 34 years for the males, participated in the study: males, X = 21.6 6 2.264; X = 22.3 6 4.214. Participant characteristics are presented in Table 1 . The study was approved by the institutional review board, and informed consent forms were signed by all participants.
Reliability
Following 2 submaximum warm-up trials, there were 3 timed trials at maximum volitional effort separated by no less than 2 minutes of passive recovery. Due to the short duration of the test and the lack of an accumulation of lactic acid (7), all trials were conducted on the same day. The last 2 trials were used for examining test-retest reliability. Using a small subset of volunteers (n = 12), the last trial of the stopwatch timing method was used to examine test objectivity with 6 different timers.
Validity
Concurrent validity (i.e., correlating test results with an acceptable criterion measure) is a statistical procedure often used for establishing how well a test measures what it purports to measure (8) . To determine concurrent validity, power scores derived from stair sprinting were correlated with both vertical jumping distance and power scores transformed from vertical jumping distance. The average of the last 2 of 3 trials of stair sprinting was used in the analysis along with the average of the last 2 of 4 vertical jumping trials. Vertical jumping distances were transformed to peak power scores in watts using an equation developed by Sayers et al. (12) using a force platform as the criterion measure: peak of maximum volitional effort, followed by 3 trials at 100%.
Timing Methods
Stop Watch. The timer was positioned to ensure a clear view of when the lead foot made contact with the top of the first step. At contact, the watch was activated manually and subsequently deactivated manually the moment that the lead foot contacted the last step.
Speedtrap II. The Speedtrap II (Brower Timing Systems, Draper, UT) was activated manually the moment that the lead foot touched the top of the first step. Timing stopped automatically as the lead foot passed through an infrared beam running crosswise and parallel to the floor, approximately 15 cm above the step surface.
Scores were determined by entering body mass in kilograms and sprint time in seconds into the stair sprinting formula previously indicated.
Vertical Jumping
Twenty-five of the Speedtrap II participants volunteered for this portion of the study. A Velcro reach and jump board (Korney Board Aids, Inc., Roxton, TX) was used for assessing vertical jumping. Participants stood with their side to a wall on which a Velcro reach and jump board was mounted. Feet remained flat as the arm closest to the wall stretched upward as high as possible to attach a partially covered Velcro dowel, held between the thumb and first 2 fingers, to the board. Using a separate dowel, participants jumped as high as possible using a countermovement technique (i.e., a rapid bending at the knees and hips followed immediately by a vertical jump) and attached the dowel at peak height. Vertical jump distance was the difference between maximum reach height and maximum jump height in centimeters. Raw scores were transformed to power scores using the Sayers et al. (12) formula.
Statistical Analyses
All statistical analyses were done with SPSS 13.0 for Windows (Rel. 13.0; SPSS, Inc.,. Chicago, IL, 2004). Before pooling data for statistical analyses and norm development, an independent t test and Levene's test of homogeneity of variance (13) were conducted to determine whether there was a difference in explosive power between the stopwatch group and the Speedtrap II group. To determine test-retest reliability, a 2-way mixed analysis of variance at an a level of 0.05 was used to determine whether a significant difference existed between trials 2 and 3 of the stair sprinting tests and trials 3 and 4 of the vertical jumping tests. Using intraclass R, test-retest reliability coefficients were computed for the 2 separate timing methods as well as for the vertical jump (1). In addition, using intraclass R (1), the objectivity of 6 different timers was determined for the stopwatch method (1).
Pearson product moment correlation was used to examine concurrent validity (1, 5, 8) of stair sprinting. A Bonferroni (3) adjusted a level of 0.008 (0.05 O 6) was used to examine 6 relationships of primary investigative interest: stair sprinting power, vertical jumping distance, and vertical jumping power for both males and females.
RESULTS
Levene's test of homogeneity of variance (13) indicated no significant difference between the 2 different timing methods; therefore, stair sprint scores were pooled for purposes of determining overall test-retest reliability and for developing norms. Scatterplots are presented in Figure 2 for all 227 participants and Figure 3 shows results by sex. Excellent testretest reliability was found for stair sprinting overall and also by sex, regardless of timing method ( Table 2 ).
The best power score of the last 2 trials of the pooled data was used for purposes of developing stair sprinting norms for college students (Table 3) .
In addition, using the scores of 12 participants on the last stair sprinting test, excellent interrater reliability (objectivity) was found for 6 different stopwatch timers: F(11, 5) = 1.085, p = 0.378, average measure R = 0.994.
Because there was no significant difference between trials 2 and 3 of stair sprinting and 3 and 4 of vertical jumping, scores were averaged within each of the tests before conducting the Pearson product moment correlation. The correlation 2202  1453  100th  1764  1124  95th  1620  988  90th  1517  928  85th  1440  891  80th  1392  878  75th  1355  846  70th  1318  824  65th  1271  809  60th  1235  804  55th  1209  772  50th  1155  747  45th  1123  708  40th  1101  688  35th  1077  668  30th  1063  658  25th  1029  616  20th  995  569  15th  957  550  10th  868 519 5th between stair sprinting and vertical jumping distance showed a fairly strong relationship (r = 0.692, p = 0.000); however, when examined by sex, the relationships were neither statistically significant nor sufficiently strong to be meaningful: males, r = 0.451, p = 0.164; females, r = 20.334, p = 0.249. Significant correlations (p , 0.008), however, did emerge between stair sprinting power and vertical jumping power: overall, r = 0.943, p = 0.000; males, r = 0.903, p = 0.000; and females, r = 0.835, p = 0.000. Results are presented in Table 4 and scatterplots of the relationships between stair sprinting power and vertical jumping power for all participants are presented in Figure 4 and for males and females in Figures 5 and 6 , respectively.
DISCUSSION
The ability to rapidly mobilize body weight vertically and horizontally is a highly valued attribute in most sports. Although force platforms and isokinetic dynamometers may be more technologically sophisticated methods for assessing power, field tests are valuable alternatives. They are inexpensive, require less training to administer, and are more suitable for testing large groups. Stair sprinting tests are widely presented as tests of explosive and/or anaerobic power (2, 6, (9) (10) (11) 13) ; however, it is still not known whether high scores are strongly associated with enhanced ATP-PCr function (6) . Even in the absence of biochemical data to support a scientific connection to the ATPPCr system, there is no question that stair sprinting is explosive and little doubt that the predominant pathway is ATP-PCr due to the maximum intensity involved and the brevity of the test (e.g., males, X = 1.364 6 0.195 seconds; females, X =1.702 6 0.328 seconds).
The new test has a shorter approach, a greater vertical distance, and timing begins as the ascent is initiated, thereby, capturing the participant's ability to generate explosiveness quickly and through the point at which peak stair sprinting is likely to occur (i.e., within 1-2 seconds according to Margaria et al. (7)). This method results in lower power output than what occurred in the Kalamen study (4) due to the approximate 69% reduction in running approach and the nearly doubling of the vertical distance over which the participant is timed. The ability to generate power from either a stationary position or a very short approach will understandably be less than that when using longer approaches; however, that does not compromise validity. Power production is dependent on the testing method used. For example, distance runs are indirect expressions of aerobic power. Running 1.5 mi for time compared to 2 mi obviously results in significantly shorter times; however, that does not make the 1.5-mi run less valid as a test of aerobic power. Good tests must be logical, correlate highly with other accepted tests, and successfully differentiate between those being tested. This new test has met those standards and has an additional advantage. It will permit the testing of more heterogeneous groups relative to explosive power than the 3 steps per stride Margaria-Kalamen test (2,6,9-11,13), which may very well exceed the capability of many college-age participants.
Future research might focus on the criterion validity of stair sprinting through the creative use of force platforms and dynamometers or gain additional evidence of concurrent validity with either the Margaria et al. test (7) or the MargariaKalamen test (2,6,9-11,13). This would have been done had there been access to a stairway with a 2-m approach and a corresponding staircase of 12 steps instead of 11. The absence of this data neither offsets the concurrent validity observed nor weakens the claim of logical validity, in that participants who generate greater relative work per unit of time logically have greater power outputs. The substantive conclusions regarding the new test is that it has excellent test-retest reliability, excellent interrater reliability, excellent concurrent validity, and strong logical validity and is acceptable for conducting field assessments of lower extremity explosive power in college-age males and females.
PRACTICAL APPLICATIONS
Stair sprinting is a simple, safe, inexpensive, and valid method of assessing lower extremity explosive power and may very well be reflective of the capacity of the ATP-PCr energy pathway. Despite the brief time frame of the test (generally ,2 seconds), there was excellent agreement between multiple stopwatch users, suggesting that large groups might be tested objectively with multiple trained timers as long as there are adequate practices and sufficient warm-ups, and participants are adequately motivated over 3 timed trials. Due to the excellent reliability demonstrated, this test should serve as a useful tool for monitoring pre/post changes in lower extremity explosive power. An additional advantage is that this test is accompanied by an adequate set of norms to enable college-age male and female participants to compare their explosive power to that of their peers.
